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Abstract. Residual recoverable reserves of high-viscosity and heavy oils in the Republic of Kazakhstan amount
to about 340 million tons. The main oil fields containing high-viscosity and heavy oil are Karazhanbas,
Kenkiyak, Zhetybai, North Buzachi, Kenbai, etc. Improving the system for the development of high-viscosity
oil fields and the selection of rational EOR is relevant for Kazakhstan, as this will increase the efficiency of
their development. Given the high resource potential of such fields, it is necessary to develop and introduce
new technologies in the development of high-viscous oil fields using enhanced oil recovery methods. To ensure
high oil recovery factors, it is necessary to carefully select the EOR applicable to high-viscosity oil fields at
an early stage of their development. This work is devoted to the problem of EOR selection in the development
of high-viscosity oil fields. For the research polymer injection was selected. Evaluation of the efficiency of the
proposed EOR was carried out based on the results of numerical experiments to displace high-viscosity oil with
the creation of reservoir conditions. As a result, the aqueous polymer solution with the concentration of 0.05
% yielded 51% of oil recovery, whereas water injection recovered only 10% of oil. However, the interaction of
the polymer with high-viscosity oil has not been deeply studied, which is relevant to the fields of Kazakhstan.
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MOJUMEP EPITIHAICIH AHJAY APKbLIBI KAPBOHATTHI )KbIHBICTAPIAH
JKOTAPBI TYTKBIPJIbI MYHAUJIBIH BIFBICTBIPYBIHA
IJ9CEPIH CAH/BIK 3EPTTEY

MAKAHOB P., TYPTASUHOB M.

Kaszaxcman-bpuman mexnuxanvix ynusepcumemi, 050000, Anmamer, Kazaxcman

Anoamna. Kazaxcman Pecnybnuxacvinoa mymgblpivlebl HC02apbl HCIHE AVblp MYHAUObIH AIbIHAMbIH KATObIK
Kopnapul wamamer 340 man mounanvl Kypauovl. TYmKbipiviavl JHC02apbl HCIHE ayblp MyHaubvl O6ap He2izel
Ken opviHoapwl Kapascanbac, Keyxusix, Kemioai, Cornmycmix bozawwl, Kenbail sicone dackarapvl donvin
maowinaosl, MYMKbIPALIZbL HCOLAPLL MYHAU KeH OPbIHOAPLIH U2epy HCYUECIH HCemindipy dicone YMmublmobl
MAO manoay Kazaxcman ywin o3exmi, oumkeni O¥1 onapovl a3ipiey muiMOiLlicin apmmulpyea MyMKIHOIK
Oepedi. MyHOall KeH OpbIHOAPLIHBIY HCORAPLL PECYPCMBIK dNeyemin ecKkepe JiCYpin, Kabammapovly MyHall
Oepyin apmmulpy 20icmepin natloaiana Omvipbin, MYMKbIPIbIEbL HCOAPLL MYHAL KeH OPbIHOAPbIH ueepyoiy
AHCAHA MEXHONOSUANAPBIH 23Ipaey JicaHe eHeisy xaodcem. Mymnaii bepyodiy oco2apvl Kod(hduyuenmmepin
Kammamacwlz emy yuwiin onapovl 23ipneyoiy epme camvlCblHOA MYMKbIPAbIEbL JHCOAPbl MYHAU KeH
opwiHOapwina Konoauwviiamvii MAO mykusm manyoay kepek. byn socymvic mymxuipavlesl iHcosapvl MYHAL KeH
opuindapuln ueepy kezinde MAO manoay macenecine apuaiean. 3epmmey yulin noiumep aroay mayoaniobi.
¥cvinvinean MAO muimoiniein 6azanay sxco2apvl MYmMKbIPIblebl OAp MYHALObL Pe3epP8yapiblK HCALOAUIAPOb
arcacati Omulpsin bIELICMbIPY OOULIHUIA CAHOBIK IKCHepUMeHmMmepoiy Hamudiceiepl OOUbIHA HCYPRi3inoi.
Homuoicecinoe 0,05% xonyenmpayusicet 6ap nonumepoiy cy epiminoici 51% myrnati 6epodi, an cyowvl anoay
myHaioviy mex 10% wvlebicmulpobl. Anatioa noaumepoiy mymrbIpiblebl HCO2aApbl MYHAUMEH 63apa dpeKent-
mecyi mepey sepmmenmezen, oyn Kazaxcman ken opblHoapbl yulin 03ekmi mMaceie 60nvin ecenmeneo.

Tyitinoi co30ep: KapOOHamMmMvl ANy JNHCLIHLICHI, 2UOPOPOOMbL MAY HCHIHBICHL, NOIUMEPILL ePimiHOL, MYHAlL
Oepeiumix, mymxbipabiesl JHCO2APbl MYHAU.
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YUCJEHHBIE UCCIIEJOBAHMUSA BJUAHUSA 3AKAYKHU ITIOJIMMEPA HA
BBITECHEHHMS BLICOKOBA3KOM HE®THU U3 KAPBOHATHBIX ITOPO/I

MAKAHOB P., TYPTASUHOB H.

Kaszaxcmancko-bpumanckuti mexnuueckuti ynugepcumem, 050000, Anmamol, Kazaxcman

Annomayusa. Ocmamounvie useieKaemvle 3aNndacbl 6bICOKOGA3KUX U madcenvix Hegmell 6 Pecnybnuxe
Kasaxcman cocmasnarom okono 340 muniuonog monH. OCHOBHbIMU MECHOPONCOCHUAMU, COOEPHCAUUMU
8bICOKOBAZKYI0 U madCcenyio Heghmb, aensiomesa Kapasxcanbac, Kenxusk, Kemwioaii, Cesepruvle byzauu, Kenbaii
u op. nsa Kazaxcmana akmyanoHulm S6718€mMCsl COBEPULEHCTNEOBAHUE CUCTEMbI PA3PAOOMKU MECTNOPOICOCHUT
8bICOKOBAZKOU Hehmu u 6blO0p payuoHanvuelx MYH 0na nosviwenus s¢hgexmusnocmu ux paspabomiu.
Yuumuieas evicoxuii pecypcrulil nomeHyuan makux MecmopotcoeHull, Heodxoouma paspabomra u eHeopeHue
HOBLIX MEXHONO2ULl NPU paspadome MecmopoNcOeHUll GbICOKOGA3KOU Hepmu ¢ UCNONb308AHUEM MEMOO008
yeenuuenus Hegpmeomoauu. Ymobwvl obecneyums 6vicoxue Kodpduyuenmol Hepmeomoauu, HeoOX0OUMO
muamenvro gvioupame MYH, npumeHumbiti K MECMOPONCOECHUAM BbICOKOBAZKOU Hehmu Ha paHHel Cmaouu
ux paspabomxu. /[lannas paboma nocssujena npodreme evibopa MYH npu pazpabomke mecmoposcoerul
8b1COK06A3KOU Hedhmu. J{na ucciedosanus 0wl 6bi0pan noaumep 01 3axauku. Oyeuka s¢hgexmusrocmu
npeonodicennoco MYH nposoounace no pe3yromamam HUCIEHHbIX IKCHEPUMEHMO8 NO  6blIMECHEHUIO
BBICOKOBAZKOU Hehmu ¢ co30anuem niacmosvlx Ycilosuil. B pesynemame 600uwiti pacmeop noaumepa c
xonyenmpayuet 0,05% oan 51% umegpmeomoauu, mozoa kax 3aKauxa 600bl NO360MULA U3EIedb Moavko 10%
Heghbmu. OOHAKO 83auMOOelicmeue NOIUMEPA ¢ 8bICOKOBA3KOU Hepmbio 21YOOKO He U3YYEeHO, YMO aKMYAlbHO
0 mecmopodxcoenui Kazaxcmana.

Knroueswvie cnosa: 2uopoghoduas nopooda, xapbonammuvie NiACMvl, NOIUMEPHBLU pacmeop, Hepmeomoaua,
BbICOKOBSAI3KAS HePDMb.

Introduction

According to the American Petroleum Insti-
tute (API), a liquid hydrocarbon mixture with a
density of more than 934 kg/m® is classified as
heavy. In the USA, oil with a density of 959 kg/
m? is classified as heavy, but there have been pro-
posals to accept lower values (up to 904 kg/m?).
In western oil-producing countries, heavy oils, as
a rule, are oils with a density of more than 904
kg/m3. Often, oils with a density of 904-934 kg/
m?are classified as medium in density, and heavy
oils are heavier than 934 kg/m®. The difference
between high-viscosity oils and natural bitumen
is also conditional, in connection with which the
estimates of resources and reserves of such hy-
drocarbons given by various researchers may dif-
fer significantly [1-3].

According to the study, the world reserves of
natural bitumen and high-viscosity oils are esti-
mated at 0.5-1 trillion. tons. The main reserves of
this hydrocarbon are concentrated in the oil and
gas regions of Canada, Venezuela, the USA, Ar-
gentina, Kuwait, Indonesia, Russia and a number
of other countries. According to some research-

ers, in the sandstones and carbonate deposits of
Canada, 280-415 billion tons of natural bitumen
and HVO are concentrated, in Venezuela - 100-
320 billion tons, in the USA - 21-31 billion tons.

The main reserves of viscous oils in Kazakh-
stan are concentrated mainly in the Western part
of the country and are equivalent to 730 min. tons
[2-4]. The main fields of heavy and high-viscos-
ity oil are Karazhanbas, Kalamkas, Buzachi, and
Kenkiyak [3,5].

Analysis of research and testing of polymer
flooding technologies in large countries of the
world indicates the technological efficiency of
this method. However, the process of displace-
ment of high-viscosity oil using polymers is not
well understood, despite the widespread intro-
duction of polymer flooding in conventional oil
reservoirs. In this regard, it becomes necessary
to conduct comprehensive laboratory studies that
allow assessing the technological capabilities of
this method to increase the oil recovery factor
(ORF) in high-viscosity oil deposits, which de-
termines the relevance of these studies.

There are 3 ways to use polymers in oil re-
COVery processes:
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1) When treating bottom-hole zones to im-
prove the performance of injection wells or wa-
ter-cut production wells by blocking high perme-
ability zones.

2) As agents that can crosslink in the forma-
tion, plugging high permeability zones at depth.
To carry out these processes, it is necessary that
the polymer is injected with an inorganic metal
cation, which subsequently forms cross-links be-
tween the molecules of the injected polymer and
the molecules already bonded on the rock surface.

3) As agents that reduce the mobility of water
or reduce the ratio of mobility of water and oil.

The first method is not a true polymer flood-
ing, since the oil displacement agent is not a
polymer. Undoubtedly, most of the projects to
increase oil recovery through the use of polymers
fall under paragraph 3 [6-9].

Main part

Polymer flooding. The study of the develop-
ment of oil reserves from reservoirs of hetero-
geneous permeability, saturated with viscous and
high-viscosity oil, has recently acquired partic-
ular relevance. This is primarily due to the very
low oil recovery factor of such deposits. Even
with high porosity and permeability of the reser-
voir, due to the large difference in the mobility of
the displacing and displacing agents, the water-
flooding rate remains low.

Existing technologies used to enhance oil re-
covery from deposits with viscous and high-vis-
cosity oil can be roughly divided into 2 categories:

1. Technologies increasing the viscosity of
the displacing agent;

2. Technologies that reduce the viscosity of
the displaced oil.

This division is rather arbitrary, since there
are technologies that simultaneously increase
the viscosity of the displacing agent and change
the structural and mechanical properties of oil.
However, this division makes it possible to
clearly delineate the physical mechanisms of oil
displacement. The first group of technologies
includes polymer flooding in all conceivable
modifications. The second group includes a vari-
ety of heat treatment technologies, gas methods,
water-gas treatment, etc.

The widespread use of polymer flooding
technologies is due to its advantages. The meth-
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od is well suited for the extraction of oil with
high viscosity, in the conditions of various stages
of development of fields with different permea-
bility, different formation properties and struc-
ture of reservoirs, is carried out at low reagent
consumption, does not require the use of expen-
sive and complex equipment. The disadvantages
of the method, such as a decrease in the stability
of polymer solutions at high temperatures (ther-
mal destruction) and mineralization of formation
fluids, as a rule, can be eliminated due to careful
selection of the composition of the polymer com-
position, as well as its modification [10-12].

Numerical investigation

To determine the efficiency of displace-
ment of high-viscosity oil by polymer solution
numerical studies were conducted. For the prob-
lem with polymer flooding, a polymer with a
molar mass of 4000000 g/mol is considered. It
is assumed that a part of the polymer is irrevers-
ibly lost as a result of adsorption on the surface
of the pores, which also leads to a decrease in
the permeability of the rock to water in the pres-
ence of the adsorbed polymer. During the peri-
od of injection of an aqueous polymer solution
into injection well, it is assumed that the polymer
concentration in the solution is 0.5 kg/m3. The
numerical investigations were carried out using
ECLIPSE software (academic license).

Table 1. Model properties.

Number of cells along the axis X-20Y-20 Z-10.

Cell dimension along the axes X=10m. Y=10m.
Z=4m.

Fracture permeability, mD 5000

Matrix permeability, mD 10

Porosity 20%

Density of oil at surface conditions, p =929 kg/m’

Density of water at surface conditions p =1030 kg/m?

Initial reservoir pressure p =20 MPa

Oil viscosity in reservoir conditions pn=300 mPa-s

Number of injection wells 1

Production wells 1

Several options for the development of the
reservoir were considered.

The basic development case assumes oil pro-
duction using waterflooding. The limitation im-
posed on the injection well for this option is as
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follows: the bottomhole pressure does not exceed
80 atm. It is clearly evident that there is an ad-
vanced waterflooding of the fractured reservoir
space with a practically non-flooded low-perme-
ability pore space. Figure 1 shows the dynam-
ics of technological development indicators for
the base case. A feature of this option is that the
water quickly (within several months) reaches
the sampling zone through the fractured layers.
At the same time, the oil production rate over a
long period remains practically unchanged with
increasing water cut.

—A— Base variant
—@— Cyclic polymer injection
—=— Polymer injection

N
o
1

Oil flow rate, m*d

T T T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100 110 120
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a)

As oil reserves in fractured formations are
depleted, the oil production rate gradually de-
creases. By the middle of the third year of devel-
opment, high-permeability filtration channels are
practically depleted, therefore, further develop-
ment of the site occurs with a high value of wa-
ter cut of the produced product. The presence of
highly permeable fractured formations provided
relatively high initial oil production rates, stable
oil production over a long period and a rapid in-
crease in water cut.

0,8

0,6
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Figure 1 - Dynamics of the current indicators of the development of a model reservoir by options: a - oil production rate; b -
water cut Let us now consider a variant of the problem with polymer flooding.

Second case. At the beginning of the third
year of development (the current water cut of
the produced product is 75%), an aqueous poly-
mer solution with a concentration of 0.5 kg/m?
(0.05%) is injected into the injection well. Since
the viscosity of the solution exceeds the viscosity
of water, the bottomhole pressure of the injec-
tion wells was increased to 130 atm to "push"
the agent. The injection of the polymer solution
is carried out continuously, without the injection
of water rims.

From Figures 1a, it can be noted that poly-
mer flooding allows to achieve higher recovery
of fractured reservoirs. The low-permeability
porous reservoir is characterized by low produc-
tion rates. Basically, only the reservoir zone in
the injection area is affected by flooding. By the
end of the production period, residual reserves
are concentrated in dead-end zones of fractured
formations and in pore blocks of the reservoir.

It is clearly evident that basically all of the

injected polymer solution is concentrated in the
fractured space of fractured formations. Since
by the end of the production period, almost the
entire volume of fractured formations has been
depleted, the effectiveness of polymer flooding
becomes minimal, since polymer solution practi-
cally does not penetrate into the low-permeabili-
ty volume of the reservoir.

Figure 1a shows the dynamics of the current
production indicators for the second option. The
beginning of polymer injection is accompanied
by a short-term decrease in oil production rate,
which is associated with a decrease in reservoir
pressure in the fractured formation. However,
then there is a rapid increase in oil production
(almost 1.5 times) and a decrease in the water
cut of the produced products (from 75 to 12%)
(Figure 1b). Note that such a change in produc-
tion indicators after several months is replaced
by a decrease in oil production and an increase
in water cut. By the end of the production period,
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the current oil production rate under this option [ Thirq (polymer +
is more than 2 times higher than the flow rate of water) 0,40 0,80
the base case.

Conclusion

Table 2. The main results of studies on the
injection of formation and polymer solution
into physical models

Numerical experiments were conducted
on the carbonate rocks with oil based on the
simulation studies performed, the following

Variants Production conclusions were drawn:
— decrease in the water cut and it improves

Recove

factor Y| Water cut the displacement of high-viscosity oil from the
First baseline 0.1 0.97 hydrophobic rock
(waterflooding) ’ ’ — injection of polymer solution into a
Second (permanent 0.51 0.86 hydrophobic rock gave the best result in oil
polymer flooding) ’ ’ displacement
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